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TITLE OF TUP lNVEf£QON 

OF7 " ,CAL SENS °RS BASED ON HYBRID 
APTAMER/CONJUGATED POLYMER COMPLEXES 

FIELD OF TH E INVENTION 

BM01] The present invention relates to optical sensors. More specifica.lv 
*e present invention is concerned wKh optica, sensors based on ^ 
aptamer/conjugated polymer complexes. X 

BACKGR OUND OF tmc [Nyjg 

£0021 fntense research Is being carried out worldwide with the goal 'of^ 
develops rapid, simpie, specie, and sensitive detection toois for ^ 

ST, r biornedlcal ~ ~- ^ZZ: 

ana ybca, tests and immunoassays rely on molecular recogntoon an Ute - 

a , measurab,e output Amon9 a " the ~ moi r r .: 

a^I T: ' m nUC,efc 8Cfd HsandS nave recTn y 

attracted a lot of .nterest due to their capability of binding various meteTTnl 

si jr = -crpteT : m ,ibraries of 

amplification coined as <?p. cv ,o V ac,SOfr Pt»on, recovery, and 

cornea as SELEX (Systematic Evolution of LioanH* k 

«P-* of dlsptactno »e ap tamere frotn " "™ PO,ente, d ™« s 
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[0004] The above-mentioned approaches, however, require adequate 
transducing (i.e. reporting) elements in order to generate a physically 
measurable signal resulting from the recognition event. Binding of an aptamer 
to a target protein, for example, has been detected by using fluorescence (e.g. 
molecular beacons 12 " 13 ) or by using a quartz microbalance. 14 In most cases, 
however, these methods either involve a tagging process or sophisticated 
experimental techniques. Furthermore, It is worth noting that labeling with 
various functional groups may even compromise the binding properties of the 
aptamers. 

[0005] There thus remains a need to develop a rapid, simple, specific 
and sensitive detection tool capable of transducing the binding of an aptamer to 
Its target into a clear signal. ,. . 

£00061 The present invention seeks to meet these and other needs. 

[0007] The present invention refers to a number of documents, the 
content of which is herein incorporated by reference in their entirety. 

SUMMARY OF THE jNVENTTON 

{0008] The present invention relates to optical sensors based on hybrid 
aptamer/conjugated polymer complexes. More specifically, the present 
invention relates to the use of a water-soluble cationic polythiophene as a 
-polymeric stain" capable of specifically transducing the binding of an aptamer 
to its target into a clear optical (colorimetric or fluorometric) signal. 

[0009] Further scope and applicability will become apparent from the 
detailed description given hereinafter. It should be understood however, that 
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this detailed descrtptton, indlcaong prefer embodiments of the 

•nvenbon is given by way of illustration oniy, since vadous changes end 

mm rr"" *** andSCOp60f,hs »"«*» «*. become apparent 
to those skilled in the art. w 

BRIEF BESSBEHaM "F IUE Pf ftWrTO 

telle r T" 9 *" SSnera " y deSOib9i ** hven,ton - «*""» *™ "ow 
MS aCCOn,PanVin9 — «*« by way of «lustratton e 

preferred embodiment theteof. end in which: 

PW11J Figure 1A shows photographs of polymer 1: (a) alone; (b) In the 
presence of X, * UC. 0.01M; (c, In the prasence of X, ^O.oZlZ- 
*e presence of X, in KC. 0.0,M; end (e) in me presence of X, in RbCl'o 01M' 
Boura ,B shows me UV-Vis absprp«on specba of B o*me ri1 (2 . 9 x 
on s ^monornerunit basis, in me presence of X1 (,, xio- mo, e of the 1ft £J 
and different salts in 1 00 uL of water at 25 °C; 

P012I Figure 2 shows the compiaxation between unfbkted anionic ss- 
0NA and polymer 1, as we,, as me complexaHon b*wee„ unftfded antonte st 
an ° <>°>V<™ 1 in the presence of potassium ions; 

using ss-ONA thrombm aptamer X1 and posHtw^harged polymer 1; 

W014] Figure 4 IHustra.es: (a) the w-vis sbsorption spectrum of 
PO^ner 1 In wafer a, 25 ^; (b, the UV-V,s absoraHon spe^ium ofTT^ 
human thrombWXI /polymer 1, In water at 25 -c (o) the JZ 
absorb spertrum o, a mfcdure of human «m»mbln»C2/po*mi « 
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25 °C; (d) the UV-Vis absorption spectrum of a mixture of BSA/X1/ polymer 1- 
of1.inwaterat25°C;and y " 



Figure 5 illustrates the fluorescence spectrum measured at 5 °C 
of (a) polymer 1; (b) human thrombirV)C1/po.ymer 1 complex; (c) human 
thromb,n^/ po , ym er1 mixture; (d)X1 /polymer 1 complex In water 



DESCRI 



SPECIFIC 



61 „ DNA (aptamer) can specelcany bind potassium 

^Ilr n ,? romb "'- ^ ^ **" ^ *• ap,ama ' «n^«s a 

ST?* " * neSa » a ^ P^nucieoude can be. 
*^ed by a water^oluwe. caaonic poivthiophene derivative which 

fluoremetnc) sgnal without any labeling of the prebe or of the tanjet 

W017I Tha present Invention relates to optical Sanson, baaed on hybrid 
aprenter/conjugated poiynter comptexea. More spedficaiiy. the preC 
invention reiates to the use of a water-soluble cation* po^LTTa 

teTT.T rapable * speoffloa,,y * a ^ ZZZZ 

to tie target Wo a dear optica, (cotorinteblc or Auorometnc, slgna. The optical 
sensor, do no. require any chemical reaction to taKe pJe on the^st 

methylene) derivative and entente eingl^uended oligonudeles. 

I001SJ The use of the optical sensors of the present invention far 
■nstance. ellows to ^ detect as ^ as 2 „ ^ m6 JTZZ 
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thrombin in only a few minutes and could be easflv ^ h , 

other chemica, or biochemica. targets. * USe h many 

f0019] The cationic, water-soluble, electee an rf h. 

conformaSonal ,he ^ Wh ' Ch are due to 

ss-DNA or <MNA- £E T ^ — "amptexed to 

aqueous solution of poller 1 is -to. J/ ^ t.«- 

wavefengm is rntated to a IZ, maXlmum 81 8 "^aty short 

<tenva«v 9 . as any wjl o,TT CO " bms, > on « •» Polytobphene 

-a con^Te^rjXr 0 " 8 * 3 ^ * 

the presence of UCI (Flg ure , . h _ „ K ~7 (W 527 nm > "as °t>*erved in 

<F*M. 1A.e ana B.e ^LZ t^ 1A * "« ' <™> 

<**« ah« „ asso^^T^C 760 ^^) ^-- 
unfolded antonto ss-DNA and the «•"■*«*» between the 

- A>. --^sr^ss^r (R9ure * 

•he medium In which they am folmed « ThL ZTT ' n8 °"" >la 
tinted ttom planar polymer cZsTL * *«*-* 

•ha. obtained h J M "-r. 1 — a " apectotm 

similar to 

—er. am dKfemm P,OPertie8 ,A * « B ^ 

fomtatlon of a folded stnl ? ^ *" a «-« «* the 

folded shucure (quadruplex fom) ^ ^ 
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stabilized by potassium ions (K*), polymer 1 is able to wrap itself around this 
structure through electrostatic interactions (Figure 2, Path B). Similar results 
were also observed when the chloride counter-ion was replaced by a bromide 
or iodide counter-anion. indicative of the specificity of the detection towards 
potassium cations. 

[0021] Human ce-thrombin was selected as a further example since ss- 
DNA X1 (5 -GGTTGGTGTGGTTGG-3') is also known to be a specific binding 
sequence (/.e. an aptamer) of this protein, whereas another oligonucleotide ss- 
DNA (X2: 5'-GGTGGTGGTTGTGGT-3') is known to be a non-binding 
sequence. 22 A conformational change occurs when the aptamer binds to the 
thrombin molecule. Both NMR and Xfay diffraction studies have revealed that 
the aptamer adopts a compact unimolecular quadrupiex structure with two G- ; 
quartets. 23 ' 24 As shown in Figure 3, the specific detection of human a-thrombin 
is realized due to the formation of a quadrupiex structure of the thrombin 
aptamer (X1). Accordingly, the 1:1:1 complex between polymer 1, X1, and a- 
thrombin has a similar orange color and UV-Vis absorption spectrum than that 
induced by K** (Figure 4b). Human a-thrombin promotes the formation of a 
folded structure (quadrupiex form) of thrombin aptamer X1, enabling catlonic 
polymer 1 to wrap itself around this quadrupiex structure, which seems to 
partially hinder the aggregation and planarization of the polymer 1 when in the 
presence of ss-DNA X1 (Figure 3, Path A). It is worth noting that only the 
stoechiometry of the aptamer (In terms of negative charges) and of polymer 1 
(in terms of positive charges) has to be balanced, whereas an excess of a- 
thrombin does not influence its detection. 

[0022J The specificity of the detection was verified by two control 
experiments carried out under identical conditions. In a first control experiment 
a non-binding sequence ss-DNA (X2: 5'-GGTGGTGGTTGTGGT-3') was used 
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<*gure 4.c) and |„ a second control experfmera BSA (bovine serem albumin) 
was used (Figure 4 .d). In be* cases, an important m. Wd lower 
energy (W =50S nm) was observed. Furthermore, the color of these solutions 

h T * *"*"' * ^ Pla " ar and hl8hl ^ structure of 

*e potythtophena backbone mlxed ^ unfoWed 

B andFigure 2. P at h A). The detecUon M of this coiodmetnc m«hod Is about 

[0023] The fluorescent properties of conjugated polyrners can be utMred 
to detect v^y sma.1 V ant«es of analytes.— The (taoromeWc detecUon of the 
bmdmg of the thrombin aptamer to human **rombin is possible because the 
fluorescence of PoM^icoxy^mathylthfophana) Is quenched h the 

(Rgure 5 a) w*„ an amission maximum at 525 nm. Whan nonspecific thrombin 

5.d), ma red-violet, highly conjugated torn, has a much lower fluorescent 

iTITr — " — — CW« nm,. H™ 

when the compiax (human tbrombinWrombln apfcmer X1/polymer 1, 1 
tomted (F.gure S.b). tha resuming orange Intermediate fom, te less Casc^ 

v^atToTr tT *^ «~ 8 *« > 

«otet form.Th* higher intansBy of emission cotfd be related to a partlallv 

, J? Standanl speo,rofluo ^ provfdes for a detection 

HI ^ ° On0en,ra,iOn " M 200 « - ► 
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Experimental section 

C0025J ah uv. Vis absorptfon spectfa ^ 

Packard (model 8452A) spectrophotometer. ° ^ 

Detection g£cat!gns 

f?Zo« J," 7^ ^ haVi " 9 a " OP,ICa, ^ * 1 ° «* 4ML 

0<^ ir ' 0 " Cha ' 9e8!, °' 1S ™ XI were added to 

saKs). fo „owed ^ ^ „, 4pL ( 2 9x10< ^ ' C* 

ofaaolutlonofcalionlopoiymerl An UV w» =h=™,- orange)] 
* room temperature. ' a '*"" P * 0n 

BaasBag "'tmmi.i, ^.fi.. — 

7^ , .H" W<WartZ ^ ^ a "°P**'P*h length of i. 0o m , 9x 
10 mote of human a * romttn (H aematologic TechnoIC g |es £ " " 
conc^ soiutton was dj|uted ww , ^ ^ ZJZZZ 

-cannon, and « x 10 . mole (based „ 

watar at 25 C. This was followed by the addition of 29 xin-» m „i /k ! 
Ccat co^Tl A ^ «*— ' — Sigma), under 
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Fluorescence measurements 

10029] All fluorescence spectre were receded on e Cany eata. 
(Venen Inc.) s P «*ref.uorimeter. The excitation was performed a.420 Tm 

^"L, ! ,,U0reS09nCe 0611 "■*>■ an °<**»' P-h length of 3.0 mm, 3.3 x 
10 mole of human thrombin and 5.7 x 10* mole (based on monomeric 
ne^ve charge or 3. 8 x 10-mol „f 1W) „ SS . DNA „,„„,„,„ ™~ 
-re mated in 200 pi of pure water, tellowed by the addfllon of 5.7 x 10- mo* 
on ^e repeat unit, „, ^ ^ ^ 
nurture, was receded a, 5 -c. For me lower concentretlon of human a- 
^mbm. the exdteflon was performed , a, 420 nm. and me fluorescent 

ZZZZT "~ * 684 nm ~~ — - ~ 

I0031J Although the present invention has been described hereinabove 
bvwav of preferred embodlmente thereof, » can be modified. w^o^Z 

TS ™ and nau " e " - *—» - — » «« ~ 
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WHAT IS CLAiMPn jS: 

1- A method for detecting human o-thrombfn 

comprising the steps of: 

a) contacting said human a-thrombin with a complementary target to 
form a quadruplex structure; 

b) contacting said quadruplex structure with a cationic polymer 
having the following formula: 
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c) 



wherein "n" is an integer ranging from 3 to 100; and 

detecting a change in UV-Vis or fluorescence as an indication of 
the presence of said human a-thrombin. 



2. An optical sensor for detecting a protein comprising 

a s,ngle stranded aptamer and a water-soluble, cationic polythiophene 
derivative, said aptamer being complementary to said protein 
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Figure 1 
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Figure 2 




Figure 3 
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a) polymer 1 in water 

2 2T PI "S" 1 ' I)5 HUma " *«w««*«P««e thrombin DNA(X1VpoJy 1 

c) Mixture: Human ftrombin/Non-specific thrombin DMA (X2Vpoty1 

d) Mixture: BSA/Spedfic thrombin DNA (X1)/poly 1 
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Figure 5 
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